This empirical paper sheds light on a significant element of the debate of whether infrastructure services have a strong impact on economic development by exploring the impact of innovative road freight services on downstream business users. The paper uses a new and purpose-specific survey of 165 logistics service providers and 493 user enterprises in food processing, food distribution and the automotive industry in the Czech Republic, Hungary and Poland. The main findings are that there are substantial downstream benefits from innovations in road freight services, both dampening cost increases and raising sales revenues of business users. The additional finding that increased intensity of competition in road freight services is significantly associated with the provision of innovative services suggests that easing any remaining barriers to competition in upstream business sectors should be a priority.
Road freight logistics, competition and innovation: Downstream benefits and policy implications

Introduction
This paper provides empirical evidence of the significant benefits from competition and innovation in a specific upstream essential business service. In particular, the paper identifies a specific class of gains from innovation in road freight logistics services. The paper looks beyond the direct impact of increased competition on infrastructure prices and quantities, beyond the traditional emphasis of antitrust policy on reducing price-cost margins and Harberger triangles. Instead, the focus is on the impact of competition on upstream innovation and on improved performance in downstream industries. The underlying idea is that even small improvements in upstream business-related infrastructure services can stimulate competition in downstream user industries, allowing new enterprises to enter, incumbent users to lower costs and offer new products, and rivalry to intensify. The upstream improvements thereby propagate through the whole economy and create a sizeable impact on economic efficiency and growth. To the extent that regulatory reforms spur innovations and other improvements in infrastructure business services, and these innovations in turn generate downstream benefits, the economy-wide benefits of increased competition are likely to be substantially greater. The paper focuses on quantifying the impact of innovation in the upstream road freight sector in the Czech Republic, Hungary and Poland on three downstream industries that make intensive use of these services, namely food processing, food distribution, and the automotive industry.
The road freight industry is a key sector of the economy geared to logistics and supply-chain management, distribution and basic physical transport. It plays a major role in market integration and has a direct impact on transaction costs for economic agents. Road freight services (including multi-modal and logistics services as well as traditional road haulage) are an ideal candidate for this type of exploration for several reasons. First, in the absence of government-imposed regulatory barriers, there is maximum scope for competition.
Extensive competition is fully viable in road haulage and logistics services. Second, reforms and technological innovations have grown at a faster rate in this sector than in most others, providing ample scope for examples of increases in both competition and innovation. Third, transport is a type of physical infrastructure that generates economy-wide spillovers and in particular offers strong opportunities for substantial reductions in costs by downstream users.
As an illustration, the operational innovations of more competitive logistics providers allow downstream user industries to outsource transport service functions, converting fixed costs into variable costs and thereby lowering entry barriers. By reducing economy-wide transaction costs, these infrastructure services have the potential to affect the interactions of downstream firms in a significant way. Schankerman (1999, 2000) provide a rigorous treatment of some of these issues, by focusing on those types of infrastructure that intensify product market competition by lowering transaction costs and reducing local market power. In particular, they model three channels through which infrastructure affects intensity of competition in downstream enterprises: the relative position of incumbents --infrastructure facilitates the expansion of more efficient relative to less efficient firms; restructuring --infrastructure facilitates the restructuring of more efficient relative to less efficient firms; and entry --infrastructure facilitates entry, both the overall level and the entry of more efficient relative to less efficient firms. The paper's main findings are that there are substantial downstream benefits from innovations in road freight services, both dampening cost increases and raising sales revenues of business users, and that increased intensity of competition in road freight services is significantly associated with the provision of innovative road freight services. Direct feedback from user enterprise managers indicates that costs for the median user were lowered by between 5 and 10% as a result of road freight logistics and sales were increased by between 10 and 15%. Regression results support the thrust of these direct survey responses by managers: there is a statistically significant negative association in the data between the use of logistics consultant services and cost increases, and a significant positive association between the use of just-in-time (JIT) logistics services and sales revenue increases. Finally, there is a statistically significant positive association between increased competition in road freight services and the provision of innovative JIT logistics services.
Methodology
Selection of countries. The study focuses on three countries where there has been a major regulatory regime switch (a natural experiment), where the upstream provision of services has been exposed to significant pro-competition changes in rules within the last ten years. The Czech Republic, Hungary and Poland have been selected as ideal candidates for this work for a number of reasons:
• Road freight transport, which has relatively low entry costs and the potential of offering a quick return, was one of the first sectors to be privatized and liberalized in most of the Central and East European Countries (CEECs). Hungary, followed by Poland and then the Czech Republic, were the earliest adopting pro-competition reforms. Some of the more effective restrictions on road haulage disappeared as early as 1982 in Hungary and by the late-1980s in Poland. Both Hungary and Poland passed laws granting free entry to any prospective trucking company in 1988, and the Czech Republic after 1990. Market forces freely determine transport prices.
• Road freight transport has been a growing sector. There has been an expanding role of road haulage at the expense of rail freight transport, with road haulage in billion tonne-km between 1990 and 1994 increasing from 16.8 to 22.7 in the Czech Republic (rail falling from 38.1 to 23.2), increasing from 40.3 to 45.4 in Poland (rail falling from 83.5 to 65.8) and decreasing from 15.2 to 13.0 in Hungary (rail falling much more sharply from 16.8 to 7.4).
• The remaining scope for outsourcing of trucking fleets by user enterprises was substantial at the beginning of the period of inquiry. CEECs could take advantage of a trend in other EU countries, where own-account operators reduce their fleet size as part of a general pattern towards contracting out of non-essential activities. Whereas own-account haulage accounted for 26% of total road haulage in EU countries by the mid-1990s, it still accounted for 51% in Hungary and 45% in Poland.
• There is overwhelming private sector participation in the provision of road freight services. All 3 countries already had majority private participation in trucking by 1994, • There has been a dramatic increase in the number of enterprises, especially small firms. Finally, the automobile sector was one of the first industries to be privatized in Poland in the early 1990s, and also has been one of the fastest growing industries in that country, attracting 11% of total FDI inflows. As in the Czech Republic and Hungary, foreign firms have gradually built up networks of local suppliers focused on quality and timeliness.
The food processing and food distribution industries are also both economically important in each country 2 and rapidly changing. Food distribution, including both wholesale and retail trade industrial sub-sectors, is the principal link between producers and consumers, playing a major role in price formation. Pressure for a dynamic evolution of market structure is illustrated by the international trend toward concentration, more marked in food trade than in other distribution sectors: while the 3 largest food distributors in 1996 accounted for at least 60% of retail trade in Australia, Canada, Finland, Norway, Sweden and Switzerland, the 10 largest retail distributors represented less than 20% of the sector in the Czech Republic (16%) and Poland (2%). In contrast, market structure already was more concentrated in Hungary, with the first 10 enterprises accounting for 53% of the sector. 3 The rapid extension of competitive multinational chains in the retail distribution sub-sector in the Czech Republic since 1997 has not only increased competition but also introduced more efficient distribution and management methods. 4 Another evolving feature of market structure in many countries is the formation of joint purchasing groups, with food retailers tending to strengthen their contractual position vis-à-vis major food producers by signing co-operative agreements with other retailers. H1: Improved performance in user enterprises is significantly positively associated with upstream innovations in business service delivery. The focus is to explore the linkages between utilization of innovative road freight logistics services by user enterprises, on the one hand, and various measures of improved performance by user enterprises (especially cost reductions and revenue increases), on the other hand.
Design of detailed
H2: The benefits of upstream business service innovations as they impact on user enterprises are skewed towards larger and older, established enterprises within the intensive-use sectors.
The focus is to better understand the relative importance of variables such as enterprise size, age (start-ups versus more established firms), foreign ownership, and the legacy of state ownership in facilitating improved downstream performance. At the upstream service provider level, the hypotheses to be tested are:
The presence of competition-related pressure is the most significant factor associated with the development of innovative road freight service offerings. The analysis will attempt to distinguish the relative importance of different sets of factors in affecting the provision of innovative business services, in particular the most appropriate measure of intensity of product-level competition relative to other factors such as access to finance.
H4: Larger, internationally-connected service providers are more able to offer or respond to innovative business user requests than smaller, locally-based enterprises. The analysis will try to disentangle the relative importance of foreign ownership, enterprise size (only large providers, mix of large and small), the legacy of state ownership, provision of exclusively local, nation-wide and/or international haulage services, and factors such as technology and timing (older firms benefiting from first mover advantages versus recent entrants) in stimulating user-related innovation.
The enterprise-based surveys and data description
The survey instruments were implemented in summer 2000 and during the subsequent months to complete all sectoral quotas. The surveys are cross section, though they ask detailed questions not only about the latest full calendar year (end 1999) but also often comparable values for 1997 to allow calculation of changes over three years. By sampling design, the objective was to administer the provider questionnaire to 50 road freight logistics providers in each of the Czech Republic and Hungary and to 60 providers in Poland as the largest economy of the three, with quotas to randomly select an appropriate number of enterprises in each size category to roughly match corresponding population ratios. 6 The only other deviation from full randomization was a requirement to try to include a minimum number of foreign-owned enterprises (company's or mother company's headquarters located in another country) for each of the industrial sectors, in order that a sufficient number of enterprises with linkages to international best practices be represented. 7 A similar approach was taken for the user enterprise questionnaire, with the objective of surveying 50 food processing, 50 food distribution and 50 auto production enterprises in each of the Czech Republic and Hungary, with a correspondingly higher 60 enterprises for each of these three sectors for Poland.
Size, age and ownership characteristics. The full sample size is 658 enterprises. 
Performance of downstream enterprises and use of innovative logistics services.
As reported in Table 2 , increases in annual total operating costs (including labor, materials, transport and IT-related costs, among others) between 1997 and 1999 range between 10 and 20% for the median firm across the three countries. Hungary had the enterprise with the largest fall in costs (97%) but also the enterprise with the largest increase in costs (447%), resulting in the largest mean increase in costs (31.8%). Transport and logistics-related operating costs (including both own-account and third-party expenditures on transport, warehousing, inventory management, freight insurance, customs brokerage services and related expenditures) for the median enterprise ranged between 6 and 10% of total operating costs in 1999. Changes in employment are utilized as a proxy for changes in the wage bill, with mean employment increasing between 12 and 16%. The percentage by which investment in IT/telecoms hardware and software is higher or lower in 1999 than in 1997 is used as a proxy for changes in IT-related costs.
In addition to data on possible enterprise-based performance gains from cost efficiencies, data was collected on changes in sales revenues for the most important product Two key characteristics of an 'innovative' logistics service is that it not be fully adopted by all users, that is, only adopted by a limited sub-set of enterprises, and that it be relatively recently introduced in the market by providers (or conversely recently adopted by users). Of the logistics-related variables collected in the survey, three variables that meet this requirement are reported in Table 2 : use of Just-in-Time consolidation and sequencing services, use of bar coding and tracking services, and use of packaging and labeling services.
In the case of JIT services, 43 enterprises or 9% of the full sample make use of these services, while for bar coding/tracking and packaging/labeling the respective figures are 33 enterprises (7% of the sample) and 53 enterprises (11% of the sample). Regarding the above-mentioned 'recent introduction into the market' criterion, 82% of JIT users first started using the services after 1995, while the comparable figures for bar coding/tracking and packaging/labeling are 70% and 67% respectively.
One of the key use-of-logistics variables collected that could potentially be associated with significant cost efficiencies is whether enterprises made use of logistics consulting services in designing and implementing their logistics strategy, as such consulting services if appropriate would presumably be geared to making cost effective use of all elements of the enterprise's supply chain management including basic road haulage and multi-modal transport decisions, storage and warehousing, inventory control and management, purchase and vendor management, freight insurance, customs clearance and brokerage services, as well as own versus joint investments in IT and databases. The proportion of enterprises making use of such logistics consulting services ranged from 6% in Poland to 14% in Czech Republic.
Upstream provision of innovative services and intensity of competition. Table 3 reports similar logistics innovation variables as were analyzed from the perspective of user enterprises, but now from the perspective of providers: JIT, bar coding/tracking and packaging/labeling services. The main difference is that these variables reflect the number of customers to which providers offer the services. These variables are appropriate measures of innovative service provision as they capture both the act of innovation (whether the provider chooses to offer these new services) as well as the ability to provide an innovative service to a wide number of users (the number of customers actually supplied with these services). The regression analysis only makes use of the JIT variable, as the other variables have an insufficient number of non-zero observations (5 in the case of bar coding/tracking and 18 in the case of packaging/labeling) for robust results. Table 3 also reports data on the best available measure of intensity of product-level competition in the road haulage provider market, namely the response by providers to the question 'How many direct competitors who could take away significant amounts of business from you did you face at the end of 1997 when providing road haulage services?' The original variable from the questionnaire has been transformed into a qualitative variable ranging from 0 (zero competitors) to 5 (more than 10 competitors), under the assumption that the difference in the level of competition provided by 15 or 50 direct competitors is not economically meaningful. On the other hand, a distinction was made between 2 direct competitors and 3-5 direct competitors on the assumption that a market with 3 firms that interact strategically provides significantly more scope for collusion and market power than a market with 4 to 6 firms. In Table 4 , regression results are presented on the association between usage of upstream logistics services (as captured by use of logistics consulting) and the most relevant cost-based performance measure. Column 1 reports results on the basic negative correlation between use of logistics services and cost increases, suggesting that use of such services allows enterprises to dampen cost increases through realizable cost efficiencies. Column 2 reports that this relationship becomes more statistically significant as changes in other components of a standard cost function are controlled for, with changes in employment serving as proxy for changes in the wage bill, and changes in IT/telecoms investments acting as proxy for changes in IT-related costs. Column 3 provides evidence that the basic negative association between logistics services and cost changes is robust to the inclusion of country and sectoral controls. Enterprise age is not highly significant (the positive association suggesting that recent entrants have incurred larger proportional increases in costs over the past 3 years), and loses its statistical significance when country and sectoral controls are introduced in column 3. The initial regression results are based on a truncated dependent variable, since examination of other data for the 8 outlier observations where cost changes were reported as more than doubling over the 1997-99 period suggested that these numbers may be over-estimates. However, comparable results based on including the originallyreported values for these outliers (including a more than quintupling of costs for the maximum observation) reported in column 4 provide confidence that truncation has not altered the underlying relationships in the data. Table 5 presents regression results concerning the other key downstream enterprise performance variable, namely on the association between usage of upstream logistics services (in this case best captured by use of JIT services) and changes in revenues. Column 1 reports a significant positive correlation between use of logistics services and sales increases, suggesting that use of these services allows enterprises to raise revenues by either lowering prices on existing products (with a more than proportionate increase in quantities) or by offering new products or existing products at new locations through faster or lower cost delivery times. Column 2 reports that this relationship remains robust to the addition of controls for size, age and state ownership. Higher sales growth is statistically significantly associated with larger enterprises, younger and privately-owned firms. Column 3 reports that the positive association between logistics usage and sales growth is robust to country and sectoral controls, and that the relationship becomes statistically more significant when Hungary's faster overall economic growth during those years is appropriately controlled for.
Empirical results
Downstream benefits.
Column 4 reports that the basic relationship between logistics usage and revenue-based and 6, 'State ownership' was dropped while running the regressions as it predicts the absence of JIT service provision perfectly.
Policy implications and conclusions
This paper contributes to the sparse empirical evidence that exists concerning the impact of, and benefits from, competition in business activities such as road freight logistics 'Use of logistics consulting services' is a qualitative variable that takes the value 1 if the enterprise has used outside consulting services in designing and implementing its logistics strategy.
'Use of Just-in-Time consolidation and sequencing services', 'Use of bar coding and tracking services' and 'Use of packaging and labelling services' are qualitative variables with 5 discrete values ranging from 0 to 10, in response to the question 'How many third-party logistics providers currently supply you with these specific logistics services'. The possible values of the variables are: 0 representing 'none', 1 representing 'one provider', 2.5 representing '2-3 providers', 5 representing '4-6 providers' and 10 representing 'more than 6 providers'. 'Provision of Just-in-Time consolidation and sequencing services', 'Provision of bar coding and tracking services' and 'Provision of packaging and labelling services' are quantitative variables in response to the question 'To how many customers do you provide the following services?' Although the number of customers being supplied with these innovative logistics offerings by provider in the dataset ranges from 1 to 100, it reaches this maximum value for only 6 observations for JIT, 1 observation for bar coding/tracking, and 1 observation for packaging/labelling services. The figures in parentheses denote the number of positive (nonzero) responses in each category.
'Number of competitors' is in response to the question "How many direct competitors who could take away significant amounts of business from you did you face at the end of 1997 when providing road haulage services?", and has been transformed into a qualitative variable ranging from 0 (zero competitors), through 1 (1 competitor), 2 (2 competitors), 3 (3-5 competitors), 4 (6-10 competitors) to 5 (more than 10 competitors). Standard errors in brackets; *** indicates significance at 1% level, ** at 5%, * at 10%.
'Use of logistics consulting' is a 0-1 qualitative variable.
Results in columns 1-3 are based on a truncated dependent variable, where 8 outlier observations (% change greater than 200%) were truncated to 200% (the maximum observation was a reported increase in costs of 447%). Column 4 reports comparable results including the originally-reported values for these outliers (corresponding to the summary statistics reported in Table 2 ). Standard errors in brackets; *** indicates significance at 1% level, ** at 5%, * at 10%.
'JIT consolidation & sequencing' is a qualitative variable (with 5 values ranging from 0 to 10) that captures the number of 3rd-party logistics suppliers providing this service to each enterprise.
Results in columns 1-3 are based on a truncated dependent variable, where 5 outlier observations (% change greater than 200%) were truncated to 200% (the maximum observation was a reported increase in sales of 600%). Column 4 reports comparable results including the originally-reported values for these outliers (corresponding to the summary statistics reported in Table 2 ). Standard errors in brackets; *** indicates significance at 1% level, ** at 5%, * at 10%.
'Number of competitors' is a qualitative variable (with 6 values ranging from 0 to 5) that captures the number of direct competitors who could take away significant amounts of business that each provider faced at the end of 1997 when providing road haulage services.
OLS results are based on a truncated dependent variable, where 8 outlier observations (with number of customers exceeding 50) were truncated to 50. Comparable results (not reported) were derived where the number of customers ranged to 100 (corresponding to the summary statistics reported in Table 3 ). Columns 4-6 report results for a separate set of logit regressions where the dependent variable has been transformed to a qualitative variable (0 if no JIT services provided, 1 if service provided to one or more customers).
